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Abstract 
Polyurethanes (PUs) are novel and versatile polymers based on the reaction of diisocyanate and polyol groups; its advantage lies 
in its mechanical properties and the modifications that can be made of those properties through changes in synthesis conditions. 
On the other hand, graft polymers are produced by the insertion of polymer chains into the main chain of other polymer in order 
to give specific and novel properties. The main purpose on this work was developing PU cores as precursors of new graft 
polymers which can be easily polymerized by free radicals. In this context, a vinyl monomer (vinyl benzyl-N-methyl-D-
glucamine, VbNMDG) was synthesized from N-methyl-D-glucamine and p-chloromethylstyrene. The synthesized monomer was 
employed for the formation of PU core using 4,4´-methylene-bis-(phenyl isocyanate) (MDI). The monomer synthesis and the 
double bond incorporation to the PU matrix were verified by NMR 13C and 1H. Thereafter, 0.1 g of different PU cores was mixed 
with an equal VbNMDG amount, using a dioxane-water mixture as solvent in the presence of radical initiator (ammonium per 
sulfate, 2 % molar of VbNMDG). The reaction was carried out at 70 °C using nitrogen atmosphere for 24 h. The graft polymers 
obtained were characterized by FT-IR and elemental analysis. The insertion of poly(VbNMDG) chains into the PU cores gives 
them the boron retention capacity in aqueous solutions. Our results show the possibility to obtained PU cores which can be 
polymerized via free radicals to the graft of functional polymer chain in a second polymerization. 
© 2015 The Authors.Published by Elsevier Ltd. 
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1. Introduction 
Nomenclature 
MDI   4,4´-methylene-bis-(phenyl isocyanate)  
PDMS    polydimethylsiloxane 
poly(VbNMDG)  poly[vinyl benzyl-N-methyl-D-glucamine]  
PUs    polyurethanes  
PVP    poly(vinylpyrrolidone) 
VbNMDG  vinyl benzyl-N-methyl-D-glucamine 
 
Polyurethanes (PUs) are a family of polymers having a wide range of applications and great versatility in the 
generation of new polymeric materials. Due to its wide range of properties ranging from biodegradable and non-
toxic to its flexibility, high impact resistance and durability, is possible the development of new materials. PUs are a 
family of polymers which is used in industry as adhesives, coatings, foams, packaging and biomedical aids. 
The PUs are composed of hard and soft segments, which give stiffness and flexibility to the structure, the 
hardness and elasticity of the polymer will depend on the variation in radius of the hard and soft segments. Thus, 
depending on their nature can be classified as thermoplastics, elastomers or linear (Shelke et al., 2014). 
These polymeric materials are produced as plastic foams, elastomers structural coating elastomers, adhesives and 
auxiliaries. The PUs are linear polymers which have a backbone formed of carbamate groups (-NHCO2) which are 
also called urethanes and is produced from the reaction between a polyol with terminal hydroxyl groups and a 
diisocyanate (Shelke et al., 2014). 
On the other hand, there is a special class of copolymers which has been taking great boom in generating of new 
polymeric materials, these are the graft polymers. The graft polymers are macromolecules consisting of a branched 
main chain whose branches are formed of repeating units of a different polymer chains. Keep in mind that the type 
of bond that is present between the main chain of the polymer molecule and its attachments is covalently type. This 
type of macromolecules has great potential in various technological applications as a result of the wide range of 
properties that the new structure can provide (Bhattacharya et al., 2004; Bhattacharya et al., 2009). 
Should be noted that the polymers are materials with a variety of properties, which can range from malleability, 
resistance and hydrophilicity to stiffness, conductivity and hydrophobicity; these properties allow them to be 
exploited in various areas of knowledge. However, application of these materials is limited in some areas of work; 
due to the above in recent years graft polymers have aroused great interest in the design of new polymeric materials 
based on the modification of its surface to increase its area of applicability. In this regard various investigations into 
the modification of PUs have been performed by our research group (RG-STA, Research Group on Science 
Technology Applications or GI-CAT in Spanish), particularly through the insertion of polymer chains to obtain a 
graft polymer where the mechanical properties of these polymers are combined with the properties of the inserted 
functional polymer chains. 
In this context, to date there is record of researches in which various resins or polyurethane foams are modified to 
generate a new polymeric material with improved properties; some investigations can be highlighted, by instance,  
the hydrophobic modification of polyurethane foams for cleaning oil spill from the insertion of lauryl methacrylate 
monomer (Li et al., 2012), modification of polyurethane surface with polydimethylsiloxane (PDMS) by plasma in 
order to improve their hydrophobic properties and produce a more homogeneous morphology (Shourgashti et al., 
2010) and the polyurethane surface modification with chitosan to enhance its antibacterial properties (Kara et al., 
2014). Recently, it has been reported researches related with the insertion of polybutadiene, poly(vinylpyrrolidone) 
(PVP) and acrylic polymers chains to polyurethanes for different applications (Wang et al., 2009; Walo et al., 2013; 
Alves et al., 2013). 
The aim of this work was to develop PU cores that can be used as precursors of new families of graft polymers 
via free radicals. In particular the inclusion of poly(vinylbenzyl-N-methyl-D-glucamine, VbNMDG) seeks to 
produce a material with boron retention capacity. 
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2. Methodology 
To carry out the formation of the chemically active polyurethane matrix, the following steps were performed: As 
a first step the functionalization of p-chloromethylstyrene monomer with N-methyl-D-glucamine chains was 
performed in a reflux system for 5 hours, a mixture of dioxane-water was used as solvent. Later, the urethanization 
of previously functionalized monomer (VbNMDG) was performed using 4,4´-methylene-bis-(phenyl isocyanate) 
(MDI) at different amounts of this. Monomer synthesis and the incorporation of the double bonds in the PU matrix 
were verified by 1H-NMR. Later, 0.1 g of each PU was mixed with an equal amount of VbNMDG, using a dioxane-
water mixture as solvent and in the presence of a radical initiator (ammonium persulfate, 2 mol% relative to 
VbNMDG). The reaction was carried out at 70 °C, under nitrogen atmosphere for 24 h. The graft copolymers 
obtained were characterized using the technique of KBr for infrared spectroscopy (FT-IR Nicolet spectrometer 
IS50). For particle size determination, the samples were diluted in distilled water (1:20) and directly measured by 
dynamic light scattering (DLS, Nicolet FT-IR spectrometer IS50). 
3. Results and discussion 
In the 1H-NMR spectra (DMSO-d6, 400 MHz) appear a singlet at 2.11 ppm integrating for three protons 
corresponding to the methyl group (H-a). At 2.41 and 2.54 ppm appear two multiplets, each one integrating for one 
proton, assigned to H-b. Similarly, at 3.39 and 3.60 ppm appear two multiplets that integrate for one proton each 
one, assigned to H-c. Also, at 3.52 ppm appears a singlet integrating for two protons corresponding to the protons H-
d. The multiplet that appear between 3.46 and 3.67 ppm integrating for three protons is assigned to the protons H-e 
and the multiplet shown at 3.78 ppm correspond to H-f. The signals that appear between 4.30 and 4.57 ppm 
integrating for five protons are attributed to the protons in OH groups on the structure. On the other hand, the 
doublet that integrate for one proton and appear at 5.23 ppm correspond to H-g (J = 11.0 Hz). Other doublet appear 
at 5.79 ppm integrating for one proton and is assigned to H-h (J = 17.7 Hz). At 6.74 ppm appear a double doublet 
integrating for one proton, assigned to H-i (J = 10.9, 17.7 Hz). Finally, two doublets, each one integrating for two 
protons, corresponding to the protons of the benzene ring are observed at 7.29 ppm (J = 8.1 Hz) and 7.40 ppm (J = 
8.0 Hz) assigned to H-i and H-k, respectively (see Figure 1).  
 
 
Fig. 1. 1H-RMN spectrum of VbNMDG in DMSO-d6 (400 MHz). 
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On the other hand, respective polyurethanes were obtained by chemical reaction between the MDI and 
VbNMDG. Besides the clear visual evidence of the occurrence of the reaction, from the FT-IR spectra obtained (see 
Figure 2) characteristic bands of the vibrations of the -OH (~ 3450 cm-1) groups and the double bond from 
VbNMDG (~ 1550 cm-1) can be identified. Also, one can appreciate the presence of the characteristic vibration of C 
= O group (~ 1670 cm -1) from the MDI.  
 
 
Fig. 2. FT-IR spectrum of the polyurethane cores obtained from PUs and VbNMDG. 
An appreciable change was observed during the formation of PUs as a result of the addition of different amounts 
of MDI. This suggests that control of the number of double bonds per gram of PU can be controlled by dilution with 
varying amounts of VbNMDG and MDI. However, additional experiments to verify the above statement must be 
performed. 
After addition of more VbNMDG and initiator, double bonds in the surface of PU core were activated and free 
radical reaction pathway triggered. Because of the absence of cross-linker molecules are linear chains of 
poly(VbNMDG) formed by free radical species linked on the surface of polyurethane particles. Chains not inserted 
are easily removed by washing and, as a consequence of the insertion, it is expected that the hydrodynamic particle 


















Fig. 3. Particle size of PU dispersions determined by DDL (A) dispersions of PU cores (B) PUs after inserting chains poly(VbNMDG) 
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4. Conclusions 
The results suggest that it is possible to obtain new functional polymers by forming graft polymers on 
polyurethane cores active by free radical polymerization, which can be obtained from MDI and VbNMDG and in 
different proportions. Furthermore, from the results obtained the application of these materials can be projected in 
the construction of novel polymeric systems with potential agricultural and environmental applications, by 
modifying the functional groups on the chains which are inserted in the second stage of polymerization. 
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